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INTRODUCTION
Renal cell carcinomas are responsible for 2-3% of all solid malignancies, and their incidence and mortality rates have been increasing over the last decades. It is a highly lethal neoplasm, with estimated 64,000 new cases and 13,000 deaths in the U.S. for 2012 (1) . Clear cell carcinomas represent 85-90% of all renal cell cancers, and are usually associated with increased mortality (2) . Most renal tumours diagnosed nowadays are small solid lesions, incidentally discovered during imaging tests such as abdominal ultrasounds or computerized tomography scans, which when adequately treated may yield up to 95% 5-years cancer specific survival rates (3) . However, a substantial proportion of cases (up to 30%) are still diagnosed in the metastatic setting, in which cure is rarely possible and less than 5-10% of 5-year cancer-specific survival is expected (4) . Many pre and postoperative prognostic factors have been reported in renal cell carcinomas, such as tumour size, clinical and pathological stage, Fuhrman grade, among others. However, none of these factors, isolated or in association can predict with certainty which tumours will eventually recur and affect patients' survival (4) . Thus, a continuous search for novel prognostic markers in renal cell carcinomas is justified, to better predict prognosis and to plan more efficacious, individualized therapeutic strategies.
The association between cancer, coagulation and thrombosis was first reported in 1865, when Armand Trousseau described an increased rate of thrombotic events in patients with gastrointestinal tumors (5) . Further studies revealed that one of the pivotal agents involved in this association was tissue factor, or thromboplastin (6) . A trans-membrane glycoprotein, tissue factor (TF) is responsible for the initiation of the extrinsic coagulation pathway. TF is abundant in the sub-endothelial layer of blood vessels and in tissues surrounding most internal organs, in which it supposedly acts as a natural haemostatic barrier (7). When exposed, TF initiates the coagulation cascade, resulting in fibrin formation. Increased expression of TF was also described in tumor cells of a variety of solid neoplasms, including melanomas (8) , breast (9), prostate (10), lung (11), ovarian (12), gastrointestinal (13) , bladder and renal cancers (14) . In some studies, increased TF expression was correlated to worse clinical outcomes (8) (9) (10) (11) (12) (13) . We have recently reported on the positive association between increased TF expression and poor prognosis in patients with Wilms tumors (15) . We now describe the expression of TF by immunohistochemistry in clear cell carcinomas of patients with a minimum follow--up of five years after the initial treatment, correlating TF expression with clinical and pathological variables, and with overall survival.
MATERIALS AND METHODS
Our initial cohort was composed of 60 patients with clear cell carcinoma of the kidney diagnosed and treated at a University hospital in southern Brazil (Hospital Sao Lucas) from 2004 to 2007 with either partial or radical nephrectomy. We excluded from analysis two patients in whom paraffin blocks were unavailable or considered inadequate for analysis due to insufficient tumour tissue; thus, our final study group consisted of fifty-eight patients (N = 58). We considered as variables age at the time of diagnosis, gender, Fuhrman grade, TNM stage (2010) and TF expression. Overall and cancer specific survival were considered the main outcome measures.
Patients' age at the time of diagnosis was registered in months and years. For statistical analysis, we considered three months as 0.25, six months as 0.50, and nine months as 0.75 years.
Histological grade was ranked in four categories (I-IV) as defined by Fuhrman (16) , and the same pathologist (VDS) reviewed all pathology slides. The 2010 TNM was used for both clinical and pathological staging. The attending surgeon determined the surgical approach (partial or radical nephrectomy) in each case.
Immunohistochemistry
Immunohistochemical analysis was performed in formalin-fixed, paraffin-embedded tissue samples. Five-micron sections were cut onto coated slides and deparaffinated by routine techniques. Analysis of TF expression was performed in a blinded manner, using a Zeiss Axioskop 40® (Carl Zeiss, Oberkochen, Germany) optical microscope at a magnification of 100X and Image Pro Plus 4.5.1® image analysis software (Media Cybernetics, Rockville, U.S.A.). Samples of prostate carcinoma were used as positive and negative controls of TF expression.
Immunohistochemical expression of TF was evaluated with a quantitative methodology, selecting and digitizing microscopic fields where there was positive staining at 100X magnification without imaging superposition (17) . The number of images selected for each case varied from one to five. Each image file had a total area of 361,918µm 2 . In all images captured, analyses were performed with a 24-bit colour selection method, with the creation of RGB colour reference files, which were applied to all images to define the measurement area, as shown in Figure-1 (18) . Results were expressed in µm 2 . We defined high or low immunohistochemical expression of TF according to the median of the areas measured in all cases (10µm 2 ). Three independent observers agreed with the selection process of the areas examined in all cases.
Clinical, pathological, and follow-up data were obtained through chart reviews and, whenever required, telephone contacts or active residence search.
Statistical Analysis and Ethics
Continuous data were described using mean and standard deviation. For asymmetric data we used median and inter-quartile range. Categorical data were expressed using counts and percentages. Baseline features were compared using Student's t test for continuous data and chi-square tests for categorical data. A survival analysis was conducted using Kaplan-Meier method followed by log rank test for comparison between groups. A multivariable analysis based on the Cox regression model was used to adjust for confounding (p < 0.005). Data were analyzed using SPSS version 18.0®. The study protocol was reviewed and approved by the ethics committee at the University Hospital.
RESULTS
Clinical and pathological variables of the patients in our cohort are shown in Table- The groups of patients with low and high intensity of TF staining were homogeneous for age, gender and tumour size (all p > 0.05; Table-1) . Patients with high intensity of TF staining had a greater proportion of less differentiated tumours (Fuhrman grades 3 and 4; p < 0.05) and of higher pathological stages (TNM stages III and IV; p < 0.002). In our cohort, 21 patients died during follow--up (36.2%). Seven patients (12.0%) were metastatic at diagnosis, all of whom have died of the disease, twelve developed recurrences during follow-up, and subsequently died (20.7%), one (1.7%) died of unrelated causes during follow-up, and one (1.7%) died in the postoperative period of complications associated with the surgical procedure. Forty-five patients had low intensity expression of TF (77.6%), while 13 patients had high intensity expression of TF (22.4%) in the immunohistochemical analysis. Median global and cancer specific survival for both groups was, respectively, 66 and 68 months; 78.2 and 81.5 months for patients in the group of lower TF expression and 27.5 and 27.5 months for the patients in the group of higher TF expression (log rank p < 0.001; Figure-2 ). Increased TF expression was statistically associated to decreased survival, as shown in Figure-2 .
To further assess the impact of the intensity of TF staining as a significant predictor of mortality, we performed a multivariable regression analysis adjusted for some of the reported prognostic factors in renal cell carcinomas, such as patients' age, tumour size, gender, TNM stage, Fuhrman grade and the SSIGN score from Mayo Clinic. We chose not to include individual data of necrosis in the multivariate analysis, since it was presented in the SSIGN score which includes necrosis. In the multivariable model, increased TF expression remained an important independent prognostic factor for increased mortality (Table-2 ).
DISCUSSION
In spite of a recent shift towards earlier stage at presentation, mortality rates from clear cell carcinoma of the kidneys are increasing. Such trend may be explained by the fact that a considerable proportion of cases are advanced at diagnosis, and it is known that even small lesions of less than 4cm in diameter present with metastasis in 4-7% of cases (19) . In our study, 12% of patients had metastatic disease at presentation. This is similar to most international series (20, 21) , but compares favourably with the statistics published by the Brazilian National Institute of Cancer, in which roughly 20% of cases were metastatic at diagnosis (22) .
Most our cases were treated by radical nephrectomy (77.5%), whereas partial nephrectomies were performed in 22.5%. The proportion of partial nephrectomies has been increasing over the years globally in face of smaller tumors at diagnosis; however, partial nephrectomies are still outnumbered by radical nephrectomies in most series, Cum Survival
,00 1,00 ,00-censored 1,00-censored ,00 1,00 ,00-censored 1,00-censored and ours is no exception (23) . Our perioperative mortality rate was 1.7% (1/58), similar to most recently published surgical series of radical and partial nephrectomies (around 0.9%) (24), and we have to consider that one of our patients who died preoperatively was an octogenarian. In one of the largest series of nephrectomies in octogenarians, Berger et al. (25) reported a 38% morbidity rate and a 3.3% operative mortality rate, and advised caution in indicating renal surgery at this age range. Most of our patients had good clinical status with almost no comorbidities. In spite of many prognostic factors available for renal cell carcinoma, it still not possible to accurately identify which patient will have a favourable or an unfavourable outcome. The best tools to predict mortality from renal cell carcinoma yield c-indexes (concordance indexes) of 88% (20) . Clearly, new markers need to be unveiled in order to improve prognostic accuracy in renal cell cancer.
Increased immunohistochemical expression of TF was associated with worse outcomes and mortality rates in many solid neoplasms (melanomas, breast, prostate, lung, ovarian, gastrointestinal) (8) (9) (10) (11) (12) (13) . Additionally, we have recently published that in Wilms' tumours, the most common kidney neoplasm in children, an increased immunohistochemical expression of TF was the most important predictor of tumor recurrence and mortality (15) . In renal cell carcinomas, to our knowledge this is the first study reporting TF expression by immunohistochemistry in the indexed literature. In 2003, Forster et al. (14) have published a study in which they reported TF expression by an enzyme linked immunosorbent assay (ELISA) test and by a LightCycler™ polymerase chain reaction (PCR) assay both in malignant and benign tissues of patients with prostate, bladder and renal cell carcinomas (18 patients with RCC). With these methodologies, they have found a greater expression of TF in the normal tissues in comparison to the neoplastic samples. In the same study, the authors tested for serum TF expression in 75 patients with RCC and 92 normal age-matched controls, and could not detect a significant difference (14) . However, the authors did not correlate their findings with clinical outcomes.
We believe that our findings are important since we present for the first time the correlation of TF expression with clinical outcomes in RCC. Moreover, we have shown that, although expressed in a minority of RCCs (22.4%), TF was a significant predictor of mortality in our cohort, with a very high hazard ratio (HR 9.7; CI 3.7-25.6). When tested for possible confounding factors in the multivariable analysis, the importance of TF expression in predicting mortality was reduced, but remained significant (HR 4.03; CI 1.07-15.1). The possibility of a new prognostic factor in RCC is by itself a novelty, but we believe that the existing prediction models may further increase their accuracy by including this marker, which should be a subject of future studies.
A potential therapeutic role for anti-TF therapies is currently being investigated in a variety of ways. It is believed that tumour TF may induce the coating of tumour cells with fibrin, trapping the cells in the microvasculature and enhancing the process of hematogenous metastasis. In this regard, at least two experimental studies in mouses have shown that blockage of the TF pathway with anti-TF antibodies or with tissue factor protein-inhibitor (TFPI) has reduced the incidence of pulmonary metastases (26, 27) . Additionally, it is believed that the coupling of TF with coagulation factor VIIa and protease-activated receptor 2 (PAR2) drives angiogenesis through the production of factors such as the vascular endothelial growth factor (VEGF). The blockage of this specific pathway is the target of two new drugs currently being tested in phase II in pancreatic cancer and other solid tumours (28, 29) . Positive results in these trials may enhance the therapeutic arsenal for cancers in which TF plays an important role, such as RCC.
The methodology employed in the quantification of the immunohistochemical expression of TF was new to our group. In previous studies, we used a semi-quantitative method of limited reproducibility, in which the observers determined scores based on the intensity of TF expression through visual analysis of the slides, from grades I (0-25% of cells intensely expressing TF) through IV (> 75%) (10, 15) . In the present study we opted to perform a quantitative method internationally validated which measures an area unit (µm 2 ) (30). The availability of ever more sophisticated software for image analysis such as the Image Pro Plus® allows for fewer measurement biases and more accurate reproducibility.
Our study has several caveats that may compromise the generalization of its findings. First, it is a retrospective study, with the implied limitations in data collection. Second, the immunohistochemical staining was performed in paraffin-embedded tissue stored at the department of pathology for at least five years. Third, the small number of patients [58] may obviate definitive conclusions. Additional studies with prospective data collection, complementary molecular methodologies and a larger number of patients are needed to validate and further advance on our findings.
CONCLUSIONS
Increased TF expression by immunohistochemistry was an important independent prognostic factor of mortality in a contemporary cohort of patients with renal cell carcinoma. Further studies are necessary to define its role in clinical practice. ABBREvIATIONS TF = tissue factor RCC = renal cell carcinoma RBG = red, blue and green ELISA = enzyme linked immunosorbent assay PCR = polymerase chain reaction TFPI = tissue factor protein inhibitor PAR2 = protease-activated receptor 2 VEGF = vascular endothelial growth factor
